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2 1  
I 
1 . 0  INTRODUCTION 
T h i s  r e p o r t  covers  t h e  a c t i v i t i e s  of t h e  Biomedical Appl ica t ions  Team 
a t  t h e  Research T r i a n g l e  I n s t i t u t e ,  Research T r i a n g l e  Park,  North C a r o l i n a  
f o r  t h e  per iod 15 September 1967 t o  14 December 1967. The Biomedical 
A p p l i c a t i o n s  Team i s  a p a r t  of t he  Nat ional  Aeronaut ics  and Space Admin- 
i s t r a t i o n ' s  Technology U t i l i z a t i o n  Program. It h a s  a s  i t s  o b j e c t i v e s  t h e  
t r a n s f e r  of NASA technology i n t o  t h e  f i e l d s  of b io logy  and medicine.  
E s s e n t i a l l y ,  t h e  a p p l i c a t i o n s  team seeks t o  match problems t h a t  medical  and 
c l i n i c a l  r e s e a r c h e r s  may have wi th  NASA technology r e s u l t i n g  from space  
r e s e a r c h  and development t h a t  may provide s o l u t i o n s  t o  t h e s e  problems. 
The Biomedical Appl ica t ions  Team a t  RTI i s  a m u l t i d i s c i p l i n a r y  group 
w i t h  backgrounds and experience i n  engineer ing and t h e  phys ica l  s c i e n c e s .  
The b a s i c  instrument  wi th  which t h e  team members seek t o  achieve  t r a n s f e r s  
of technology i s  personal  c o n t a c t  and d i s c u s s i o n  w i t h  biomedical r e s e a r c h e r s .  
To a i d  i n  problem i d e n t i f i c a t i o n ,  c o n s u l t a n t s  a r e  r e t a i n e d  a t  t h e  medical  
schools  of Duke U n i v e r s i t y ,  Wake Fores t  U n i v e r s i t y ,  and t h e  U n i v e r s i t y  of 
North Caro l ina  t o  provide a n  i n t e r f a c e  o r  p o i n t  of c o n t a c t  between t h e  
medical  schools  and t h e  Biomedical Appl ica t ions  Team and a l s o  t o  i d e n t i f y  
r e s e a r c h e r s  whose programs may possibly o f f e r  o p p o r t u n i t i e s  of technology 
t r a n s f e r .  To i d e n t i f y  a p p l i c a b l e  technology t h a t  may provide s o l u t i o n s  t o  
s p e c i f i c  problems, t h e  a p p l i c a t i o n s  team has a v a i l a b l e  n o t  only t h e  v a r i e d  
background of i t s  members but  a l s o  f r e e  a c c e s s  of t h e  information r e s i d i n g  
i n  t h e  NASA Research Center  Organiza t iona l  Complex. This  NASA informat ion  
i s  obta ined  through 1) d isseminat ion  by technology u t i l i z a t i o n  o f f i c e r s  
w i t h i n  NASA r e s e a r c h  c e n t e r s  of documents known as problem a b s t r a c t s  which 
a c c u r a t e l y  d e f i n e  t h e  s p e c i f i c  problem i n  engineer ing  terminology ( t h e s e  
documents a r e  prepared by members of t h e  Biomedical Appl ica t ions  Team a f t e r  
comprehensive d i s c u s s i o n s  of  t h e  problems w i t h  t h e  i n d i v i d u a l  r e s e a r c h e r s ) ,  
2 )  h i g h  speed computer search ing  of t he  aerospace  l i t e r a t u r e  by means of  
c o n t r a c t u a l  arrangements wi th  the  North Caro l ina  Science and Technology 
Research Center ,  3 )  personal  contac ts  w i t h  t h e  NASA s c i e n t i s t s  and re- 
s e a r c h e r s ,  and 4 )  p e r u s a l  of  t h e  c u r r e n t  l i t e r a t u r e  by members of t h e  Bio- 
medical  Appl ica t ions  Team. 
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I 
I n  a d d i t i o n  t o  t h e  t h r e e  medical  schools  a t  which c o n s u l t a n t s  a r e  
r e t a i n e d ,  t h e  Biomedical Appl ica t ions  Team a t  the  Research Tr i ang le  
i n s t i t u t e  i n t e r a c t s  w i th  the  foll i iwing organizations as w e l l :  
t he  Un ive r s i ty  of North Caro l ina  Dental  Research Center ,  
Rocke fe l l e r  Un ive r s i ty ,  Monte F io re  Hosp i t a l ,  
Hosp i t a l  f o r  S p e c i a l  Surgery,  New York C i t y ,  
the  Veterans Adminis t ra t ion  Hosp i t a l  , Durham, North Caro l ina  , and 
the  North Caro l ina  S t a t e  Univers i ty  a t  Raleigh,  North Caro l ina .  
2.0 REVIEW OF TEAM ACTIVITIES 
2 .1  New Contacts  
2 .1 .1  Wake F o r e s t  Col lege ,  Bowman-Gray School of Medicine 
WF-30 
During the  q u a r t e r ,  d i scuss ions  have been he ld  wi th  an  i n v e s t i g a t o r  
a t  t h e  Bowman Gray School of  Medicine, Wake Fores t  Un ive r s i ty ,  concern ing  
a problem which involves  t h e  ope ra t ion  of a blood v e s s e l  c o n s t r i c t o r  which 
they  have devised .  The device i s  used i n  open c h e s t  su rge ry  t o  b r i n g  about  
c o n t r o l l e d  c o n s t r i c t i o n  of a blood vesse l  i n  instrumented animals .  The 
p resen t  device is  u n s a t i s f a c t o r y  from s e v e r a l  s t andpo in t s .  F i r s t ,  it does 
no t  provide a c c u r a t e  c o n t r o l  of the  amount of c o n s t r i c t i o n ,  and second, 
and perhaps even more impor tan t ,  i t  does no t  permit t he  c o n s t r i c t i o n  t o  be 
removed ins t an taneous ly .  The procedure i n  us ing  t h e s e  c o n s t r i c t o r s  which 
they p r e s e n t l y  employ is t o  slowly decrease  t h e  blood v e s s e l  opening by 
c o n s t r i c t i n g  it  and t o  monitor i t s  e f f e c t  on the  animal .  They wish t o  
proceed as f a r  as p o s s i b l e  wi thout  a c t u a l l y  caus ing  t h e  dea th  of t h e  animal .  
The p resen t  device cannot be r e l eased  qu ick ly ,  so t h a t ,  i f  they go too  f a r  
i n  c o n s t r i c t i o n ,  i t  i s  very p o s s i b l e  t h a t  t he  animal w i l l  d i e  be fo re  the  
c o n s t r i c t o r  can be removed. Since these animals  a r e  c a r e f u l l y  c o n t r o l l e d  
and w e l l  instrumented,  they  r ep resen t  a cons ide rab le  investment of t ime 
and money and a r e  va luable  t o  t he  r e sea rche r .  It i s  very d e s i r a b l e  t h a t  
experiments of t h i s  na tu re  can be terminated r a p i d l y  enough t o  permit  r e -  
covery of the  animal .  This  problem i s  r e l a t e d  to  a s i m i l a r  type of problem 
which has  been encountered a t  Duke Un ive r s i ty  and we have been e v a l u a t i n g  
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t he  p o s s i b i l i t y  of cons ide r ing  t h e  two problems as one. 
e r a t i o n  r e v e a l s ,  however, t h a t  t h e  t w o  a r e  a c t u a l l y  d i s t i n c t  problems 
because t h e  o p e r a t i o n a l  precedures  of the two i n s t i t u t l o n s  a r e  d i f f e r e n t .  
I n  one c a s e  recovery of t he  animal i s  h igh ly  d e s i r e d ;  i n  t h e  o t h e r  c a s e  
t h e  c o n s t r i c t o r  i s  not  capable  of r e l e a s e  and may w e l l  cause t h e  dea th  of 
t he  animal .  I n  a d d i t i o n ,  and even more important ,  t h e  a p p l i c a t i o n  a t  Wake 
F o r e s t  i s  only intended f o r  use with open ches t  su rge ry  whi le  t h e  one a t  
Duke i s  t o  be permanently implanted with a c o n t r o l l e d  c o n s t r i c t i o n  over  a 
long per iod  of t ime. 
on t h i s  problem, and a problem a b s t r a c t  w i l l  be w r i t t e n .  
Ca re fu l  consid-  
A s  a r e s u l t  f u r t h e r  in format ion  i s  being gathered 
WF-31 
I n  November another  r e sea rche r  of t h e  Bowman Gray School of Medicine,  
Wake F o r e s t  Un ive r s i ty ,  was contac ted .  One of h i s  a r e a s  of i n t e r e s t  in -  
volves  the  use of r e s p i r a t o r s  t o  provide a r t i f i c i a l  b rea th  r a t e  and c o n t r o l  
on, not  only those  people wi th  phys ica l  impairments which prevent  o p e r a t i o n  
of t h e  lungs i n  a normal f a sh ion ,  b u t  a l s o  on those  people who have a 
normal s e t  of lungs which, through some e x t e r n a l  c i rcumstance such a s  per-  
haps overdosage of n a r c o t i c s ,  o r  o ther  l i k e  even t s ,  t h e  c o n t r o l  mechanisms 
which r e g u l a t e  r e s p i r a t i o n  a r e  temporar i ly  i n a c t i v e .  Over -ven t i l a t ion  of 
lungs i s  not  only undes i r ab le ,  i t  can  be p o s i t i v e l y  harmful .  To r e s o l v e  
t h i s  problem t h e  r e sea rche r  i s  i n t e r e s t e d  i n  a servo-loop c o n t r o l  system 
t o  measure t h e  p a r t i a l  p re s su re  of oxygen and t h e  p a r t i a l  p re s su re  of carbon 
d iox ide  i n  expi red  gases  from t h e  lungs of p a t i e n t s .  u s ing  r e s p i r a t o r s  and 
t o  c o n t r o l  the  ope ra t ion  of the r e s p i r a t o r  based upon the  composition of t he  
expi red  gases  from the  lungs .  E f f o r t s  t o  a c c u r a t e l y  d e f i n e  t h e  problem 
and i t s  s p e c i f i c  requirements a r e  cont inuing ,  and when t h i s  phase i s  complete 
a problem a b s t r a c t  w i l l  be prepared.  
2 . 1 . 2  Unive r s i ty  of North Carol ina Dental  Research Center  
UNCD- 11 
During October D r .  J. J. Crawford of the  UNC Dental  Research Center  
w a s  con tac t ed .  The o b j e c t i v e  of h i s  research  program i s  t o  i d e n t i f y  and 
q u a n t i f y  the  b a c t e r i a  found i n  the upper r e s p i r a t o r y  t r a c t  and the  o r a l  
c a v i t y  of a number of c h i l d r e n  wi th  and wi thout  complete development of 
the  n a s a l  and p a l a t a l  t i s s u e s .  The research  program is  being c a r r i e d  out  
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by sampling a number of c h i l d r e n  on a r e g u l a r  b a s i s .  
a r e  r e g u l a r l y  a v a i l a b l e ,  t he  accumulation of va luable  informat ion  on the  
development 2nd g r o v t h  nf  b i c t e r i a  i n  the resn i - tory  r A  I 2nd n i s a l  p a s s ~ g e s  i n  
va r ious  cond i t ions  of n a s a l  and p a l a t a l  development i s  pe rmi t t ed .  The 
program w i l l  l a s t  f o r  125 weeks, and on t h e  average ,  s i x  persons p e r  week 
w i l l  be sampled. Samples a re  obtained from t h r e e  areas on each person-- 
t h e  nose ,  t h e  t h r o a t ,  and t h e  midnasal pharynx. From t h e s e  samples,  c u l t u r e s  
a r e  grown, and t h e  b a c t e r i a  p re sen t  a r e  i d e n t i f i e d  and q u a n t i f i e d .  The 
sampling technique now being used i s  uncomfortable and even p a i n f u l  t o  the  
c h i l d r e n  being sampled. The r e sea rche r  i s  seeking  a means of sampling 
b a c t e r i a  i n  t h e  n a s a l  pharyngeal passage which is  s impler  and l e s s  unpleasant  
t o  p a t i e n t s  than the c u r r e n t l y  used method. The p r e s e n t l y  used technique  
i s  as fo l lows:  a speculum i s  used t o  permit  e n t r y  i n t o  t h e  n a s a l  pharynx 
through t h e  nose.  A s m a l l  w i r e ,  u sua l ly  aluminum, which has  a b a l l  of 
a l g i n a t e  wool on t h e  end i s  passed through the  speculum and i n t o  t h e  n a s a l  
c a v i t y .  The b a l l  of wool i s  made t o  come i n t o  c o n t a c t  w i t h  the  t i s s u e  f l o o r  
i n  t h e  nasopharyngeal passage, t hus  c o l l e c t i n g  the  b a c t e r i a .  The swab i s  
then  removed and processed t o  o b t a i n  the b a c t e r i a  c u l t u r e s .  
s t r a c t  has  been prepared f o r  t h i s  problem and has  been submit ted f o r  approva l .  
I n  a d d i t i o n  t o  t h e  problem a b s t r a c t  which has been w r i t t e n  f o r  t h i s  
Since t h e s e  c h i l d r e n  
A problem ab- 
p a r t i c u l a r  problem a r e a ,  we have conducted a sea rch  through STRC of the  
NASA l i t e r a t u r e  on a s say  of microorganisms. The sea rch  y i e l d e d  117 t o t a l  h i t s  
and of t hese  1 1 7  h i t s ,  33 were of d i r e c t  i n t e r e s t  t o  t h e  r e s e a r c h e r .  We 
have ordered a b s t r a c t s  on t h e s e  pub l i ca t ions  f o r  t he  r e s e a r c h e r ' s  e v a l u a t i o n .  
He i s  p r e s e n t l y  e v a l u a t i n g  these  a b s t r a c t s  p r i o r  t o  o rde r ing  those  documents 
which a r e  cons idered  t o  be u s e f u l .  
UNCD- 12 
I n  October a r e s e a r c h e r  a t  t he  UNC Denta l  Research Center  was  con tac t ed .  
He i s  engaged i n  a r e sea rch  p r o j e c t  which involves  t h e  a n a l y s i s  of t h e  speech 
d i f f i c u l t i e s  of c h i l d r e n  born wi th  c l e f t  p a l a t e s .  He i s  seeking  by exper i -  
mental  measurements t o  determine the  e f f e c t s  of va r ious  types  of c o r r e c t i v e  
measures on t h e  speech output  of t h e  c h i l d r e n .  
have c l e f t  palate  d e f e c t s  a l s o  have some s o r t  of d e f e c t  i n  t h e i r  n a s a l  pas- 
sages  as w e l l .  
Many of t h e s e  c h i l d r e n  who 
The degree of p a l a t e  damage does no t  always c o r r e l a t e  w e l l  
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wi th  the  a b i l i t y  of t h e  c h i l d r e n  t o  speak d i s t i n c t l y .  He f e e l s  t h a t  t h e  
m a l s t r u c t u r i n g  of  t h e  n a s a l  passage,  by in t roduc ing  g r e a t e r  r e s i s t a n c e  t o  
a i r  f l w  than 11om.21, a a y  be one of t h e  CBIISP-C: ~f t h i s  Fndis tFnct  s ~ e e c h ,  
The rush ing  of t h e  a i r  through the passages which have va r ious  types  of 
r e s t r i c t i o n s  t o  flow in t roduces  turbulence .  H e  f e e l s  t h a t  t h i s  d i s t o r t s  
the  speech and reduces i t s  i n t e l l i g i b i l i t y .  He is i n t e r e s t e d  i n  d e v i s i n g  
experiments  t o  e s t a b l i s h  t h e  r e l a t i o n s h i p  between n a s a l  r e s i s t a n c e  and 
speech i n t e l l i g i b i l i t y .  There a r e  a t  least  two areas i n  h i s  r e sea rch  pro- 
gram which o f f e r  d i s t i n c t  problems which have h igh  p r o b a b i l i t y  of be ing  
so lved  through the  a p p l i c a t i o n  of NASA technology. F i r s t ,  one of the  b a s i c  
measurements which he  desires t o  make on t h e s e  c h i l d r e n  i s  a measurement of 
s u b g l o t t a l  p re s su re .  P resen t  techniques a r e  so  cumbersome and time- 
consuming as t o  be almost  u s e l e s s .  They involve t h e  use of a n  esophageal  
ba l loon  which i s  i n s e r t e d  i n t o  the s u b g l o t t a l  r eg ion  and i n f l a t e d .  Each 
p a t i e n t  m u s t  be c a l i b r a t e d  s e p a r a t e l y  i n  o rde r  t o  d e r i v e  meaningful meas- 
urements. E s s e n t i a l l y  a small pressure  t r ansduce r  i s  needed which can be 
i n s e r t e d  i n t o  the  s u b g l o t t a l  r eg ion  to  p e r m i t  measurement of t h e  a i r  
p r e s s u r e  p re sen t  i n  t h i s  reg ion .  Use of t h e  p re s su re  t r ansduce r  developed 
by Ames Research Center  immediately came t o  mind as o f f e r i n g  a h igh ly  prob- 
a b l e  s o l u t i o n  t o  t h i s  problem. We a r e  c u r r e n t l y  a t t empt ing  t o  o b t a i n  
material  t o  f a b r i c a t e  one of t h e s e  devices  f o r  demonstrat ion purposes.  We 
f e e l  conf iden t  t h a t  t h i s  NASA development w i l l  s o l v e  t h e  problem. However, 
i n  t he  i n t e r e s t  of  thoroughness,  we have w r i t t e n  t h e  problem i n  problem 
a b s t r a c t  form and i t  has  been submitted for approval .  The o t h e r  problem 
involves  t h e  a n a l y s i s  of speech from t h e s e  c h i l d r e n .  P resen t  techniques  
f o r  r eco rd ing  t h e  speech do no t  p e r m i t  i s o l a t i o n  of those  sounds which come 
from t h e  mouth and those  sounds which come from t h e  nose.  The i n v e s t i g a t o r  
i s  seeking  a method t o  s e p a r a t e  o r  reso lve  these  sounds. Fu r the r  i n f o r -  
mat ion i s  be ing  ga thered  on t h i s  problem p r i o r  t o  w r i t i n g  a problem a b s t r a c t .  
UNCD- 13 
The Dental  School i s  p r e s e n t l y  i n  the  process  of spec i fy ing  new 
equipment f o r  t h e i r  l a b o r a t o r i e s .  One of  the  needed p i e c e s  of equipment 
i s  a d r y  hea t  s t e r i l i z a t i o n  u n i t  o f  reasonably smal l  s i z e .  They have not  
been a b l e  t o  loca t e  a s u f f i c i e n t l y  wide source  of supply f o r  such u n i t s .  
We undertook a sea rch  o f  our  vendor l i t e r a t u r e .  A number of sources  were 
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l o c a t e d  and a l i s t  of 12 manufacturers  who make dry h e a t  s t e r i l i z e r s  p l u s  
a l i s t  of 18 manufacturers  of g e n e r a l  purpose s t e r i l i z e r s  as w e l l  as a list 
of 34 i n ~ n i i f a c t u r e r s  n f  a n t o c l a v e s  w a s  furnished.  This l i s t  w i l l  permit  
procurement of in format ion  on t h e  var ious types  of  s t e r i l i z a t i o n  u n i t s  
a v a i l a b l e ,  t h u s  p e r m i t t i n g  choice  of t h e  u n i t  which i s  most s u i t a b l e  f o r  
t h e i r  purpose.  
2.1.3 U n i v e r s i t y  of North Carol ina Medical School 
UNC-34 
A d e v i c e  i s  needed f o r  warming blood. Whole blood from t h e  blood hank 
must be warmed t o  body temperature  before  i t  can be adminis te red  t o  t h e  
p a t i e n t .  Commercial blood-warmers leave much t o  be d e s i r e d .  They a re  heavy, 
u n r e l i a b l e ,  and p o t e n t i a l  shock hazards.  
UNC- 35 
A new device  f o r  measuring C02 i n  exhaled b r e a t h  i s  d e s i r e d .  The p r e s e n t  
ins t rument  d e t e c t s  C 0 2  v i a  i n f r a - r e d  absorp t ion ,  b u t  i t  needs f r e q u e n t  ca l i -  
b r a t i o n  and i s  somewhat d e l i c a t e .  
The new device  should have rap id  response,  enabl ing  t h e  measurement of 
percent  CO i n  each b r e a t h .  F u r t h e r ,  t h e  s e n s o r  i t s e l f  must be s m a l l ,  s i n c e  2 
, space i s  a t  a premium around a p a t i e n t ' s  head on t h e  o p e r a t i n g  t a b l e .  The 
s e n s o r  m u s t  be i n e r t  t o  t h e  somewhat c o r r o s i v e  a n e s t h e t i c  gases .  
UNC-36 
A device  i s  needed t o  measure brea th  volume of  p a t i e n t s  on t h e  o p e r a t i n g  
t a b l e .  The sensor  must be s m a l l  and m u s t  be i n e r t  t o  a n e s t h e t i c  g a s e s .  The 
instrument  must be  capable  of measuring volumes of each b r e a t h ,  as w e l l  as 
i n t e g r a t i n g  t h e  volumes over a per iod of t ime. Ins t ruments  are  a v a i l a b l e  
which purpor t  t o  make t h e s e  measurements, b u t  they  are  a d v e r s e l y  a f f e c t e d  
by mois ture  o r  e lse  c o s t  $2,000 -$3,000.  
UNC-37 
Prevent ion  of o r t h o s t a t i c  hypotension. P a t i e n t s  who have been i n  bed 
f o r  extended per iods  of t i m e  a r e  s u b j e c t  t o  o r t h o s t a t i c  hypotension syncope. 
There i s  q u i t e  a b i t  of l i t e r a t u r e  on t h e  s u b j e c t .  One method o f  p r e v e n t i n g  
t h e  occurrence of syncope i s  by u s e  of a n t i - g r a v i t y  s u i t s .  One of t h e  MD's 
I -  
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a t  UNC would l i k e  t o  t r y  some G - s u i t  experiments on h i s  p a t i e n t s ;  however, 
we have not  y e t  been a b l e  t o  ob ta in  the s u i t s .  
2. i .4 Duke u n i v e r s i t y  Medical Center  
During the  preceding q u a r t e r  t h e  hyperbar ic  f a c i l i t y  a t  Duke Un ive r s i ty  
was tou red ,  and an  i n i t i a l  a t tempt  t o  i d e n t i f y  technology-re la ted  problems 
w a s  made. It w a s  found t h a t  one of t h e i r  g r e a t e s t  needs i s  t h a t  of a 
catheter-mounted p res su re  t r ansduce r .  It i s  necessary  t h a t  t h e  t r ansduce r  
bc vented s o  t h a t  i t  measures only r e l a t i v e  p re s su re  and, most impor tan t ly ,  
t h a t  i t  be r c l i a b l e .  P r e s e n t l y  a v a i l a b l e  t r ansduce r s  have proved t o  be ex- 
t remely u n r e l i a b l e  and expensive.  The o p t i c a l  t r ansduce r  developed by D r .  
Mas Anl ikcr  a t  Ames should be very appropr i a t e  f o r  t h i s  a p p l i c a t i o n .  
P rogres s  wi th  t h e  o p t i c a l  p re s su re  t ransducer  w i l l  be d i scussed  under DU-31 
i n  Sec t ion  2.3.  
DU- 30  
A new s u r g i c a l  technique be ing  inves t iga t ed  a t  Duke Un ive r s i ty  r e q u i r e s  
c a t h e t e r i z a t i o n  dur ing  surgery .  A d i f f i c u l t y  which has  been encountered is  
c l o t t i n g  a t  and nea r  t he  c a t h e t e r .  One p o s s i b i l i t y  of reducing c l o t t i n g  i s  
t o  g r a f t  hepa r in  t o  the  s u r f a c e  of the c a t h e t e r  which is  made of  poly- 
eure thane .  
I n  a t tempt ing  t o  o b t a i n  information on hepa r in -g ra f t ing ,  a sea rch  of 
the  l i t e r a t u r e  a t  RTI  uncovered three  r e p o r t s  on r e sea rch  a t  Bat te l le  des- 
c r i b i n g  two processes  which appear  t o  be  a p p l i c a b l e .  To determine t h e  exac t  
composition of t h e  c a t h e t e r s ,  Corbin Ca the te r  Company, w a s  con tac t ed ,  It 
was learned t h a t  t h e  manufacturer i t s e l f  i s  about  t o  make a hepar in ized  
c a t h e t e r  a v a i l a b l e  commercially. This c a t h e t e r  w i l l  be eva lua ted  be fo re  
a t t empt ing  t o  use completely new processes .  
2 .2  Problem Review 
During t h i s  q u a r t e r  a review of a l l  t h e  problems which have been 
documented by the  Biomedical Appl ica t ions  Team w a s  completed. The purpose 
of t h i s  review w a s  t o  e l i m i n a t e  from t h e  problems those  problem a r e a s  which 
are  no longer  considered a c t i v e .  T h e r e  a r e  va r ious  reasons  f o r  which prob- 
lems were c l a s s i f i e d  as being inac t ive .  Some of  t h e  reasons a r e :  s u c c e s s f u l  
t r a n s f e r ,  d i scovery  of s a t i s f a c t o r y  s o l u t i o n  which could not  be t r a n s f e r r e d  
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f o r  economy o r  o t h e r  reasons ,  i d e n t i f i c a t i o n  of  NASA technology which is  
a p p l i c a b l e  bu t  no means a r e  a v a i l a b l e  t o  demonstrate  t h e  technology t o  t h e  
r e s e a r c h e r ,  p o s s i b l e  useable  teciinvlogy i d e n t i f i e d  but  unacceptable  t o  
r e s e a r c h e r ,  r e s e a r c h e r  has  no f u r t h e r  i n t e r e s t  i n  problem. The problems 
which were c losed  a r e  l i s t e d  below: 
AEI - 1 
DU - 2 
DU - 3 
DU - 4 
DU - 5 












MFH - 1 
UNC - 1 
LJ-NC - 5 
UNCD - 2 
VA - 2 
Mul t ip l e  E lec t rode  Implant f o r  Communicating wi th  Bra in  
O p t i c a l  Scanning Concept 
New Techniques f o r  Cons t ruc t ing  Sa fe  and E f f i c i e n t  Hemodialyzers 
Measurement of Small Temperature Changes 
EMG E lec t rode  Assembly f o r  t h e  S o f t  P a l a t e  
Cor rec t ion  f o r  Latency i n  Vidicons 
Techniques f o r  Monitoring Hear t  Rate ,  Rapid Changes i n  Blood 
P r e s s u r e ,  and Detec t ing  Arrhythmias D i r e c t l y  and Auto- 
m a t i c a l l y  from Phys io log ica l  Data 
Sources of K-42 Having Very High S p e c i f i c  A c t i v i t y  
Spray-On E lec t rode  
Techniques f o r  Analyzing C a r o t i d  Ar t e ry  P res su re  Pu l se  t o  
S torage  and R e t r i e v a l  of Biomedical Text 
Special-Purpose,  Real-Time Data P rocess ing  
Low-Cost, Microminiatur ized,  R e l i a b l e  Time-Multiplexing and 
Analog t o  D i g i t a l  E lec t ron ic  Equipment 
Method of A l t e r n a t e l y  Exposing Tissue  t o  Two Sepa ra t e  Mono- 
chromatic L igh t  Beams Having D i f f e r e n t  Wave Lengths a t  a 
Rate of 5,000 Cycles/Second 
A Signal-Condit ioning and Mul t ip lex ing  System f o r  Mul t ip l e  
E lec t rode  EKG P a t i e n t  Monitoring 
Power Sources f o r  Operat ing P r o s t h e t i c  Appliances  
F l u i d  Dynamics of Sucrose Gap Chambers 
S p e c i a l  M a t e r i a l s  t o  be Used i n  New Hosp i t a l  Cons t ruc t ion  
Oxygen Measurements i n  Gas Mixtures  
I n s e r t i n g  Needles i n t o  Veins 
Method of Measuring Change and Width of Mandible When Closed 
Implantable  Ca the te r s  w i th  Outs ide  Diameter of Approximately 




WF - 1  







Audio Noise Generator  
U l t r a s o n i c  Transducer P o s i t i o n e r  
Mechanical J e i n t s ,  Extensions,  e tc . ,  That Can be Used i n  
Spin Resonance S tud ie s  of P h y s i o l o g i c a l  T i s sue  which Has 
Informat ion  on Damage t o  P h y s i o l o g i c a l  Tissue  Exposed t o  
Data Obtained i n  Ul t r a son ic  S t u d i e s  of M a t e r i a l s  which May 
Powered P r o s t h e t i c s  
Been Exposed t o  Radia t ion  
Low Levels  of Radiat ion 
Relevant  t o  t h e  Understanding of S c a t t e r i n g  of U l t r a s o n i c  
Energy i n  Phys io log ica l  Tissue  
Power Sources f o r  Operat ing P r o s t h e t i c  Appliances  
I n  a d d i t i o n  t o  the  problem review and e v a l u a t i o n  program, a l l  of  the  
a c t i v e  problems a t  the  Bowman Gray School of Medicine, Wake F o r e s t  Uni- 
v e r s i t y ,  have been reviewed dur ing  t h i s  q u a r t e r .  The i n v e s t i g a t o r  f o r  
every problem has been contac ted  by D r .  George Malindzak, our  c o n s u l t a n t  
a t  Wake F o r e s t  U n i v e r s i t y ,  t o  determine (1) amount of c u r r e n t  i n t e r e s t  
evidenced by the  i n v e s t i g a t o r  on each problem, (2) t h e  d i r e c t i o n  t h a t  
f u r t h e r  a c t i o n  on t h e s e  problems should t a k e ,  (3) t h e  e f f e c t i v e n e s s  of 
previous l i t e r a t u r e  and informat ion  a l r eady  fu rn i shed  by t h e  Biomedical 
App l i ca t ions  Team, and (4 )  those  research  programs i n  which p rogres s  has  
l e d  t o  the  i d e n t i f i c a t i o n  of new problems o r  t h e  mod i f i ca t ion  of  t h e  re -  
quirements  imposed by o l d  problems. 
2 . 3  Problem Summaries 
The a c t i v i t i e s  of the  Biomedical App l i ca t ions  Team w i t h  r e s p e c t  
t o  s p e c i f i c  Biomedical problems a r e  o u t l i n e d  i n  t h e  fo l lowing  paragraphs.  
UNCD-1 A Method of Producing Silver-Copper and S i lve r -T in  Al loys  i n  Powder 
Form wi th  Sphe r i ca l  Shape and wi th  P a r t i c l e  S i z e s  of t he  Range of 
2 t o  4 and 6 t o  10 Microns. 
During t h i s  q u a r t e r  w e  received a te lephone c a l l  from M r .  J i m  Benson of 
t h e  Rocketdyne Div i s ion  of North American Av ia t ion  concerning t h i s  problem. 
He informed us t h a t  under a NASA-sponsored program they have developed a 
method of making s p h e r i c a l  metal  p a r t i c l e s  i n  t h e  2 t o  4 micron s i z e  range 
wi th  g r e a t e r  than  50 percent  y i e l d .  He i s  sending us f u r t h e r  in format ion  
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I 
on the  p rocess ,  bu t  i t  has  not  y e t  been r ece ived .  From the  te lephone con- 
v e r s a t i o n , i t  appears  t h a t  t h e  process  may w e l l  meet t h e  t e c h n i c a l  re- 
quirements  of t h i s  probiem. F i n a l  evaluaticrn iili;st sxsit r e c e i p t  of detai led  
in format ion  on the  process  and i t s  c o s t s .  
UNCD-3 A Means t o  Obtain Rapidly a P i c t o r i a l  Represen ta t ion  of t h e  Temp- 
e ra t l r r e  D i s t r i b u t i o n  of t he  I n t e r i o r  of t h e  Oral  Cavi ty  i n  Humans. 
Discuss ions  on t h i s  problem wi th  t h e  i n v e s t i g a t o r  have cont inued.  
Previous  e f f o r t s  t o  l o c a t e  a s o l u t i o n  a t  Marshal l  Space F l i g h t  Center  have 
n o t  been success fu l .  
prepared and has been submit ted f o r  approval .  
During t h i s  q u a r t e r  a problem a b s t r a c t  has been 
UNCD-6 A Small Sensor t o  Measure Accura te ly  t h e  Surface  Temperature of 
Human Teeth.  
This  problem has a l s o  been evaluated dur ing  t h i s  q u a r t e r ,  and a problem 
a b s t r a c t  has been prepared and submitted f o r  approval .  
- WF-5 Technique f o r  D i r e c t  Imaging of U l t r a son ic  Energy P a t t e r n s  
During the  preceding q u a r t e r ,  a technique f o r  d i r e c t l y  r eco rd ing  u l t r a -  
s o n i c  energy i n t e n s i t y  p a t t e r n s  and repor ted  i n  two r e p o r t s  ob ta ined  from 
a n  update  of computer s ea rch  8767 was found. These r e p o r t s  have been s e n t  
t o  D r .  F. L. Thurstone who is  now a n A s s o c i a t e  P ro fes so r  i n  t h e  Biomedical 
Engineer ing Department a t  Duke Univers i ty .  
WF-28 Blood Flow Volume and Blood Flow Rate i n  Vascular  Systems Using 
I n d i c a t o r  Concentrat ion Methods. 
I n v e s t i g a t i o n  of t h i s  problem began i n  t h e  previous q u a r t e r .  Add i t iona l  
d i s c u s s i o n s  have been he ld  wi th  t h e  i n v e s t i g a t o r s  , and t h e i r  experimental  
system has been observed i n  opera t ion  i n  o rde r  t o  c l e a r l y  d e f i n e  t h e  problem 
p r i o r  t o  w r i t i n g  a problem a b s t r a c t .  This  a c t i v i t y  has  been concluded 
du r ing  t h i s  q u a r t e r ,  and a problem a b s t r a c t  h a s  been w r i t t e n .  
a b s t r a c t  has  been approved. D i s t r i b u t i o n  cop ie s  have been mailed.  This  
p a r t i c u l a r  problem has been d i f f i c u l t  t o  s p e c i f y  f o r  a r e t r o s p e c t i v e  sea rch .  
However, we have confer red  wi th  a p p l i c a t i o n s  engineers  a t  t h e  Science and 
Technology Research Center  on s e v e r a l  occas ions  about  t h i s  problem. 
p r e s e n t l y  i n  the  process  of preparing a sea rch  s t r a t e g y  f o r  t h e  problem. 
The problem 
W e  are  
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W-29 An E l e c t r o d e  f o r  Measuring Hydrogen Ion Concent ra t ion  and Carbon 
Dioxide P a r t i a l  P r e s s u r e  i n  t h e  Blood 
This problem has a l s o  been discussed i n  g r e a t e r  d e t a i l  t h i s  q u a r t e r ,  
and a problem a b s t r a c t  has  been prepared and submit ted f o r  approval .  A 
r e t r o s p e c t i v e  s e a r c h  of t h e  NASA l i t e r a t u r e  h a s  been i n i t i a t e d  wi th  t h e  
Science and Technology Research Center.  I n  a d d i t i o n ,  two a r t i c l e s  have 
come t o  our a t t e n t i o n  which a r e  a p p l i c a b l e  t o  t h e  problem as a r e s u l t  of  
our normal a c t i v i t i e s  i n  screening  on a manual b a s i s  t h e  c u r r e n t  l i t e r a t u r e  
and STAR b i b l i o g r a p h i e s .  These two a r t i c l e s ,  one of which is a NASA pub- 
l i c a t i o n ,  have been furn ished  t o  t h e  i n v e s t i g a t o r  who is  p r e s e n t l y  eva l -  
ua t i n g  t h e i r  a p p l i c a b i l i t y  . 
DU-26 Simulat ion of Coronary I n f a r c t i o n  i n  Experimental  Animals 
Small  devices  f o r  s t i m u l a t i n g  coronary i n f a r c t s  a r e  f r e q u e n t l y  used 
i n  r e s e a r c h  d i r e c t e d  toward eva lua t ions  of var ious  techniques f o r  t r e a t i n g  
h e a r t  d i s e a s e .  The p r e s e n t l y  used device c o n s i s t s  of t h e  r e n t i n g  of c a s e i n  
p l a s t i c ,  ameroid,  which is  placed around one of t h e  a r t e r i e s  which s u p p l i e s  
blood d i r e c t l y  t o  t h e  h e a r t .  Ameroid, when i n  c o n t a c t  w i t h  body f l u i d s ,  
absorbs  water  and swe l l s .  The p l a s t i c  r i n g  i s  surrounded by a s t a i n l e s s  
s t ee l  band. Thus cons t ra ined ,  i t ,  i n  swel l ing ,  pinches t h e  a r t e r y  and reduces 
t h e  flow of blood t o  a s e c t i o n  of t he  h e a r t  t hus  producing a n  i n f a r c t .  It 
has  been observed, however, t h a t  t h e  amount of  t i m e  r e q u i r e d  f o r  o c c l u s i o n  
of t h e  a r t e r y  v a r i e s  d r a s t i c a l l y  and,  a s  a r e s u l t ,  i n t r o d u c e s  a n  a d d i t i o n a l  
v a r i a b l e  f a c t o r  which complicates  t h e  i n t e r p r e t a t i o n  of  experimental  r e s u l t s .  
It h a s  been determined t h a t  t h e  major d i f f i c u l t y  is i n h e r e n t  i n  t h e  geo- 
met r ica l  d e s i g n  of t h i s  c o n s t r i c t o r .  This  geometr ica l  des ign  problem has 
been c o r r e c t e d ,  and two experimental  devices  have been f a b r i c a t e d .  Samples 
of ameroid which were used i n  f a b r i c a t i n g  t h e s e  devices  were obta ined  from 
Tenneco Chemicals Incorpora ted ,  and support  f o r  f a b r i c a t i n g  t h e  devices  i s  
be ing  suppl ied  by Duke Univers i ty .  The o p e r a t i o n  of t h e s e  devices  i s  pres-  
e n t l y  being eva lua ted  both a t  RTI and Duke U n i v e r s i t y .  Detai ls  and char-  
a c t e r i s t i c s  of t h i s  c o n s t r i c t o r  w i l l  be r e p o r t e d  fo l lowing  completion of 
each e v a l u a t i o n  phase.  
DU-31 C a t h e t e r  Mounted P r e s s u r e  Transducer 
I n  Q u a r t e r l y  Report #l w e  reported t h a t  a n  o p t i c a l  p r e s s u r e  t ransducer  
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which h a s  been developed a t  Ames Research Center  by D r .  Max Anl iker  rep- 
r e s e n t s  a n  e x c e l l e n t  approach t o  t h e  measurement of p r e s s u r e  i n  h e a r t  
chambers. Dur ing  t h e  preceding quarter we obtained through M r .  George 
Edwards t h r e e  c a t h e t e r  t i p s  which a r e  necessary  f o r  t h e  f a b r i c a t i o n  of ex- 
per imenta l  t r a n s d u c e r s .  The f a b r i c a t i o n  of t h e s e  t i p s  r e q u i r e s  s p e c i a l  
f a c i l i t i e s  and s k i l l s  which ex is t  a t  few r e s e a r c h  c e n t e r s .  A s  a r e s u l t ,  
w e  w i l l  be a b l e  t o  e v a l u a t e  t h i s  new approach which o f f e r s  t h e  p o s s i b i l i t y  
of low expense and h igh  r e l i a b i l i t y .  
2 .4  Summary of New Problems 
During t h e  q u a r t e r  t h e  fol lowing new problems have been d e f i n e d .  
They a re  l i s t e d  below. A d e t a i l e d  d i s c u s s i o n  of each problem is found i n  
S e c t i o n  2.1, New Contac ts .  
UNCD - 11 
UNCD - 1 2  
UNCD - 13 
WF - 30 
WF - 31 
UNC - 34 
UNC - 35 
UNC - 36 
UNC - 37 
DU - 29 
A Means of Sampling Bacter ia  i n  t h e  Nasal and Sinus  C a v i t i e s  
Which i s  Simpler and Less Unpleasant t o  P a t i e n t s  
A P r e s s u r e  Transducer of  Small  S i z e  t o  Measure A i r  P r e s s u r e  
i n  t h e  S u b g l o t t a l  Region 
An Economical, Dry Heat S t e r i l i z a t i o n  Apparatus 
An Improved Blood Vessel C o n s t r i c t o r  
A Servo-Controlled S y s t e m  t o  Measure P a r t i a l  P r e s s u r e  o f  
Oxygen and P a r t i a l  P r e s s u r e  of Carbon Dioxide i n  Expired 
Gases and t o  Control t h e  Operat ion of  R e s p i r a t o r s  
A Device f o r  Warming Blood 
A New Device f o r  Measuring Carbon Dioxide i n  Expired Gases 
A Device t o  Measure Breath Volume of P a t i e n t s  on Operat ing 
Tables  
Prevent ion  of O r t h o s t a t i c  Hypotension 
Technique f o r  Heparinizing C a t h e t e r s  
2.5 New Problem A b s t r a c t s  
During t h e  q u a r t e r  t h e  fol lowing new problem a b s t r a c t s  have been 
prepared : 
UNCD - 3 A Means t o  Obtain Rapidly a P i c t o r i a l  Representa t ion  of  
t h e  Temperature D i s t r i b u t i o n  of t h e  I n t e r i o r  of t h e  Oral 
Cavi ty  i n  Humans 
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UNCD - 6 A Small  Sensor t o  Measure Accura te ly  t h e  Surface  Tem- 
p e r a t u r e  of Human Teeth 
LICI? - 11 An Improved B a c t e r i a  Sampling Technique 
WF - 28 Blood Flow Volume and Blood Flow Rate i n  Vascular  Systems 
Using I n d i c a t o r  Concentrat ion Methods 
WF - 29 An E l e c t r o d e  f o r  Measuring Hydrogen Ion  Concent ra t ion  and 
Carbon Dioxide P a r t i a l  P r e s s u r e  i n  t h e  Blood 
Biomedical problem a b s t r a c t  WF - 28 h a s  been approved f o r  d i s t r i b u t i o n .  
A copy of t h i s  a b s t r a c t  i s  included a s  a n  Appendix t o  t h i s  r e p o r t .  
2 .6  New Information Searches 
Three new informat ion  searches  have been made t h i s  q u a r t e r :  Assay 
o f  Microorganisms, Mechanism of Diapedesis ,  and Measurement of Oxygen and 
Carbon Dioxide i n  Blood and i n  Expired A i r .  A computer e v a l u a t i o n  r e p o r t  
f o r  each of t h e s e  searches  fol lows.  
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COMPUTER EVALUATION REPORT 
Problem Name & Number: 
T i t l e  Search & RDC Number: Assay of Microorganisms 0395 






Res p i r a  t o r y  
Respi ra tory  System 






Bacter ia  
Ba c t e r  i o 1 ogy 
C u l  ture/B i o l /  
Dip t h e r i a  
Escher ich ia  
Klebs i e l l a  
Meningi t is  
Microbe 
Mic rob iology 
Microorganism 
Pneumonia 
S taphy 1 oc occus 
Streptococcus 
A s  say  
C l a s s  i f  ica t ion  
Date Search Received: 
Number of H i t s :  117 
Date Documents Requested by Researcher: Nov. 16, 1967, Dec.11 
Number of Documents Requested & L i s t  of STAR Numbers: 
*N67-33408 N67- 13259 N66- 3 2 6 2 2 *A66-81480 
N67-2117 7 N67- 12843 *N66- 2 142 1 A66-4267 6 
N67- 19107 N67- 12250 A66-4 05 05 
N67- 18081 N67- 12847 N65- 14455 A66- 19087 
*N67-17613 N63- 10583 A65-81202 
N67- 15703 N62-17620 A65 - 32 7 95 
N67- 1476 1 N66-3 99 19 N62-16828 A65- 8000 1 
N67- 14772 N66-36089 N62- 17620 
N67-14771 N66- 36058 
*N67- 14248 N66- 3 6043 
Counting 
C u l t i v a t i o n  





Degree of Relevance t o  Problem: Aster isked documents were considered t o  be very 
Plans for  Use of Information: --- 
r e  levant .  
I 
COMPUTER EVALUATION REPORT 
Bibl io .  If 1021 
Problem Name & Number: 
T i t l e  Search & Number: Mechanism O f  Diapedesis 
Date Search I n i t i a t e d :  
Desc r ip to r s  : 
Hematopoiesis 
Hema t op o i e  t i c  s y  s t e m  
Bone Marrow 
Ret icu locyte  
Macrophage 
Red Blood C e l l  
F ib rob la s t  
C e l l  
Migrat ion 
Date Search Received : 
September 28, 1967 
D i f f e r e n t i a t i o n  
Stem 
Pr imi t ive  
Maturing 
S inus o i d  
Membrane 
Membrane S t ruc tu re  
October 5,  1967 
Number of H i t s :  2O3 
Date Documents Requested by Researcher:  December 14, 1967 
Number of Documents Requested & L i s t  of STAR Numbers: 11 
A67-81098 A65- 81453 
A67-81093 A65- 81174 
N67- 16786 
A66- 80214 A64- 8 12 8 7 
A66-3 1394 A64-80759 
N66- 3 13 95 
N66-29686 
Degree of Relevance t o  Problem: Not known y e t .  
P lans  f o r  Use of Information: 
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COMPUTER EVALUATION REPORT 
Bib l io .  I/ i oy4  
~ 
Problem Name & Number: 
T i t l e  Search & RDC Number: Measurement of Oxygen and Carbon Dioxide i n  Blood 
l and i n  Expired A i r  0395 
I Date Search I n i t i a t e d :  December 11, 1967 
Desc r ip to r s :  
I 
Measurement 
P a r t i a l  P r e s s u r e  
R e s p i r a t i o n  
Expired A i r  
A lveo la r  A i r  
Exha la t ion  
R e s p i r a t o r y  System 
Oxygen Sensor  
Oxime t e r 
Carbon Dioxide Con- 
A n a l y t i c a l  Chemistry 
Q u a l i t a t i v e  Analys is  
Q u a n t i t a t i v e  Analysis  
Vo lune tr  i c  
Ana lyz  er 
Gas Analyzer 
Gas Composition 
c e n t r a  t i o n  
Date Search Received: December 15, 1967 
Number of H i t s :  262 
Date Documents Requested by Researcher:  
Number of Documents Requested & L i s t  of STAR Numbers: 
Measuring Apparatus 
Blood 
B 1  ood C i r c u l a  t ion  
C i r c u l a t o r y  System 
Hype r c a  pn ia  
Hypocapnia 
Hypoxia 
H y p ox e m  i a  
Oxygen 
Hype rox i a  
Carbon Dioxide 
Degree of Relevance t o  Problem: 
P l a n s  f o r  Use of Information:  
~ _ _ _ _ _ _  ~ 
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3.0  FINANCIAL STATUS 
A summary of c o n t r a c t  expendi tures  f o r  t h e  per iod  1 September 1967 
through 1 November 1967 i s  presented  in Table  I. 
Q u a r t e r l y  Cos ts :  
D i r e c t  Labor 
Overhead 






1 , 395.00 




I -  
~ ~~ 
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MEDICAL PROBLEM REPLY REPORT 
Center :  Langley Research Center  
Con t r ibu to r :  John Samos, Dan Popma 
Problem No. & T i t l e :  UNC - 1 Oxygen Measurement i n  Gas Mixtures  
Evalua t ion :  F i r s t  con tac t  was  a te lephone conve r sa t ion  between John Samos 
and H. G. R ich te r - -ou t l in ing  d e t a i l s  of problem s i n c e  Samos 
d id  not  have copy of o r i g i n a l  UNC - 1. Then conve r sa t ion  
between Dan Popma and H. G. R ich te r  t r a n s p i r e d  wherein Popma 
suggested a commercial device  which he thought  would work, 
the  Beckman paramagnetic oxygen ana lyze r .  
D r .  K.  Sugioka, Department of Anesthesiology,  UNC, has one of 
t he  Beckman instruments .  He does not  use i t  o f t e n ,  does no t  
l i k e  i t .  Whereas it measures oxygen a c c u r a t e l y  and r a p i d l y  
and does t h e  job  he wants, he cons ide r s  i t  t o  be t o o  d e l i c a t e  
a n  instrument  f o r  t h e  ope ra t ing  room; it must be c a l i b r a t e d  
d a i l y  and is too  expensive t o  equip  each o p e r a t i n g  room s u i t e  
w i th  one. 
P l ans  f o r  U s e :  None 
MEDICAL PROBLEM REPLY REPORT 
Center :  
Con t r ibu to r :  D r .  Harold G. R i c h t e r ,  R T I  Biomedical App l i ca t ions  Team 
Problem No. & T i t l e :  UNC - 9 Analysis  of E l e c t r o p h o r e t i c  Scan Data 
Evalua t ion :  A method f o r  count ing  hundreds of r a d i o a c t i v e  e l ec t rophorus  
s a m p l e s .  P r i o r  t o  t h i s  t r a n s f e r  D r .  Van Wyk w a s  measuring 
a r e a s  of curves  from r a d i o a c t i v e  chromatogram scanner .  
Method was t ed ious  and very t ime consuming. Data were 
weeks or  one month i n  being analyzed--frequent  e r r o r s  
occurred.  New technique is  au tomat ic  and f i n i s h e d  w i t h i n  
24 hours .  
P l a n s  f o r  Use: D r .  Van Wyk w i l l  use  t h i s  method r o u t i n e l y  from now on. 
APPENDIX B 
Biomedical Problem Abstracts 
BIOMEDICAL PROBLEM ABSTRACTS 
WF-28 
"Blood Flow Volume and Blood Flow Rate in Vascular 
Svstems Using Indicator Concentration Methods" 
Prepared for 
National Aeronautics and Space Administration 
Technology Utilization Division 
Washington, D. C. 20546 
"This problem abstract is designed to call to the attention of NASA personnel 
(and others who have agreed to participate) significant barriers that impede 
tie progress of biomedical research and health care. The purpose is to bring 
to bear on these problems the expertise that resides in NASA. If you feel 
you can make a contribution, please communicate your suggestions to the 
Technology Utilization Officer at your installation. 
suggestions which can constitute inventions so that patent application may 
be made. Thank you." 
Also, alert him to any 
-23- 




The u s e  of i n d i c a t o r  concent ra t ion  curves t o  compute mean flow through 
and t h e  volume of blood contained i n  a p o r t i o n  of  t h e  vascular  system i s  a n  
a t t r a c t i v e  technique.  Much t h e o r e t i c a l  and experimental  work has  been done 
i n  t h i s  a r e a .  Researchers  a t  Bowman Gray School of Medicine, Wake F o r e s t  
U n i v e r s i t y ,  have been engaged i n  a n  experimental  program t o  a c c u r a t e l y  d e f i n e  
t h e  methods and techniques which can be used t o  o b t a i n  r e l i a b l e  d a t a  from 
t h e s e  t y p e s  of measurements. Because of t h e  complexity of b i o l o g i c a l  systems,  
i n i t i a l  s t u d i e s  have been made us ing  a model i n  which a n  i n d i c a t o r ,  dye o r  
r a d i o a c t i v e ,  is  i n j e c t e d  mechanically a t  a c o n s t a n t  r a t e  i n t o  a uniformly 
f lowing stream of blood i n  a p l a s t i c  tube of uniform diameter .  The t i m e  
of i n j e c t i o n  can  be var ied  i n  order  t o  c o n t r o l  t h e  amount of dye i n j e c t e d .  
The i n j e c t i o n  ra te  i s  0.01 cm3 of i n d i c a t o r  p e r  second. 
can be var ied  from one-tenth second up t o  about  10 seconds.  The a n  e of 
vo lumetr ic  flow of t h e  f l u i d  i n  t h e  tube i s  between 2.5 and 25 c m  /minute 
(flow v e l o c i t y  of  0 .3  cm/second t o  3 cm/second). 
of  i n j e c t i o n  i s  a counter  o r  p h o t o c e l l ,  depending upon t h e  type of  i n d i c a t o r  
used,  whose output  i s  recorded on a s t r i p  c h a r t .  The output  of t h e  d e t e c t o r  
i s  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  of t he  dye o r  r a d i o a c t i v e  subs tances  
i n  t h e  s t ream. Under experimental  condi t ions  flow i s  maintained laminar o r  
s t r e a m l i n e d .  Because of t h i s  flow c h a r a c t e r i s t i c ,  t h e  i n j e c t i o n  of dye i s  
exceedingly c r i t i c a l  depending upon whether t h e  i n j e c t i o n  p o i n t  i s  n e a r  t h e  
c e n t e r  of  t h e  tube o r  n e a r  a n  edge of t h e  tube.  
To overcome t h i s  problem i n  t h e  model system, a r o t a r y ,  magnet ica l ly  
opera ted  mixer i s  i n s t a l l e d  immediately upstream from t h e  i n j e c t i o n  s i t e .  
This  mixer induces turbulence ,  breaking up t h e  laminar flow s o  t h a t  i n  t h e  
r e g i o n  of t h e  i n j e c t i o n  s i t e ,  t h e  f l u i d  flow is t u r b u l e n t .  Therefore ,  
t h e  v e l o c i t y  i s  approximately uniform a c r o s s  t h e  e n t i r e  d i a m e t e r  of t h e  
tube j u s t  below t h e  mixer.  Laminar flow is soon r e s t o r e d  i n  t h e  tube and 
makes i t  necessary t o  use another  mixer a t  t h e  sampling s i t e .  This  occurs  
because t h e  counter  has  a f i n i t e  a p e r t u r e .  I f  one c o n s i d e r s  equal  quan- 
t i t i e s  of i n d i c a t o r  which a r e  t r a v e l i n g  a t  d i f f e r e n t  speeds,  i t  i s  e a s i l y  
seen  t h a t  t h e  s lower moving f l u i d  w i l l  remain f o r  a longer  per iod  of  t i m e  
under t h e  counter  a p e r t u r e ,  t h e r e f o r e  producing more counts  t h a n  t h e  
r a p i d l y  moving i n d i c a t o r .  This  means t h a t  i n d i c a t o r  c o n c e n t r a t i o n  i s  
b iased  s o  t h a t  equal  c o n c e n t r a t i o n  and lengths  of laminae of  i n d i c a t o r  
f l u i d  do n o t  produce t h e  same number of counts ;  i . e . ,  a f i x e d  volume and 
a f i x e d  c o n c e n t r a t i o n  of i n d i c a t o r  f l u i d  moving a t  a h igher  r a t e  produces 
fewer counts  t h a n  t h e  same volume and t h e  same c o n c e n t r a t i o n  of i n d i c a t o r  
moving a t  a lower r a t e .  
experimental  appara tus  upstream from t h e  sampling s i t e .  This  produces t u r -  
bulence,  thoroughly mixing t h e  i n d i c a t o r  components which were t r a v e l i n g  a t  
d i f f e r e n t  v e l o c i t i e s  i n  t h e  laminar flow reg ion ,  so t h a t  t h e  v e l o c i t y  of  a l l  
The i n j e c t i o n  t ime 
T g  
Downstream from t h e  s i t e  
To overcome t h i s  measurement d i f f i c u l t y ,  a mixer h a s  been placed i n  t h e  
. 
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Problem A b s t r a c t  
Page 2 of  WF-28 (Cont'd) 
t h e  i n d i c a t o r  i s  approximateiy the same as it  passes iiiider t h e  c c u n t e r  
a p e r t u r e .  Without t h e  use o f  mixers  t o  produce turbulence  a t  both t h e  
i n j e c t i o n  and t h e  sampling site's, i t  has n o t  been p o s s i b l e  t o  o b t a i n  
r e l i a b l e  d a t a  on blood r a t e  of flow and volume. 
Needed 
I n  o r d e r  t o  make t h e  t r a n s i t i o n  f rom t h e  i d e a l i z e d  model, wi th  which 
r e l i a b l e  d a t a  may be obta ined ,  t o  measurements on a b i o l o g i c a l  system, 
some means of inducing thorough mixing immediately preceding t h e  i n j e c t i o n  
and sampling s i t e s  is needed. This  t y p e  of measurement would normally be 
conducted i n  a r t e r i e s  o r  ve ins  n e a r  the s u r f a c e  of  t h e  s k i n .  A s i m p l e  
device  which can be employed t o  produce mixing and turbulence  a t  t h e  in -  
j e c t i o n  s i t e  and t h e  sampling s i t e  i n  t h e  ve ins  and a r t e r i e s  i s  needed. 
An a l l i e d  problem a s s o c i a t e d  wi th  t h e  same experiment involves  t h e  in- 
j e c t i o n  of i n d i c a t o r  i n t o  t h e  ve in  or a r t e r y .  Twenty-two gauge needles  
having a n  i n s i d e  d iameter  of 0.016 inch a re  used t o  i n j e c t  t h e  dye. The 
c r o s s - s e c t i o n a l  area of such a needle is 0.0013 square  c e n t i m e t e r .  The 
a r e a  exposed t o  t h e  f l u i d  stream i s ,  however, l a r g e r  than  t h i s  because 
t h e  needle  t i p  i s  c u t  a t  a n  angle  t o  o b t a i n  a s h a r p  p o i n t  f o r  i n s e r t i o n  
i n t o  t h e  v e i n  o r  a r t e r y .  Nominally, approximately 0.01 c m  of i n d i c a t o r  
i s  i n j e c t e d .  There i s  a n  undetermined amount of washout from t h e  needle  
t i p  s o  t h a t  more i n d i c a t o r  i s  i n j e c t e d  i n t o  a stream than  i s  d e s i r e d ,  and 
t h e  i n j e c t i o n  p u l s e  cont inues  f o r  a s h o r t  per iod  of t i m e  a f t e r  t h e  hypo- 
dermic s y r i n g e  i s  d e a c t i v a t e d .  A method of i n j e c t i n g  e x a c t  amounts o f  
i n d i c a t o r  and e l i m i n a t i n g  washout a t  t h e  t i p  of t h e  hypodermic needle  i s  
very d e s i r a b l e .  
For  more information c o n t a c t  
E r n e s t  Harr i son ,  Jr. 
Research T r i a n g l e  I n s t i t u t e  
P .  0. Box 12194 
Research T r i a n g l e  Park,  North Carolina 27709 
- Source of  problem 
D r .  C. E .  Rapela 
Department of Physiology 
Bowman Gray School of Medicine 
Wake F o r e s t  U n i v e r s i t y  
Winston Salem, North Caro l ina  
D r .  H. D. Green, Chairman 
Department of Physiology 
Bowman Gray School of Medicine 
Wake F o r e s t  U n i v e r s i t y  
Winston Salem, North Caro l ina  
